Shell model calculations were performed to study the energy levels for the 25,26 Mg and 27 Al nuclei by employing the sdpfnow effective interaction with the large-scale sdpf model space by using the shell model code NuShell@MSU for Windows. The electron scattering form factors for 19 F nucleus also have been studied with and without effective charge on the sdpfmodel space and Tassie model. The Harmonic Oscillator and Skyrme potentials have been used to calculate the wave functions of radial single-particle matrix elements. The level schemes are compared with the experimental data. Coulomb and magnetic form factors in the present work include the transitions from ground state (1/2 + 1/2) to the (7/2 + 1/2), (9/2 + 1/2), (3/2 -1/2), and (11/2 -1/2) states in 19 F. Good agreements were obtained for all nuclei under study for energy levels and form factors comparing with the available experimental data.
Introduction
The nuclear shell model calculations provide a main theoretical tool for understanding the properties of nuclei. The model can be used in its simplest single particle form to give a qualitative understanding, but it can also be used as a basis for much more complex and complete calculations. Basically, to deal with the many-body problem, there are two main types of the shell-model basis: mean-field or Hartree-Fock models, and configuration mixing models (Brown, 2002) . One of the theoretical methods, which can be used in the nuclear shell model, is the solution to the many-body Schrodinger equation including all possible correlations between nucleons in a restricted space. Thus, because the Hilbert space associated with a nucleus is infinite dimensional, one reduces possible configurations by limiting the available single-particle space to just a few orbits, the valence space, and by restricting the number of active nucleons to a small number, the valence particles (Brown, 2002) . In the case of nuclear shell-model calculations, the Hamiltonian matrix in M-scheme basis is very sparse since the Hamiltonian consists of one-body and two-body interactions (Shimizu et al., 2013) . The needed dimension of the Hamiltonian matrix is often quite huge; therefore, the Krylov-subspace iteration algorithm is quite efficient. The Lanczos algorithm, one of the most famous Krylov subspace algorithms, was introduced in 1970s (Shimizu et al., 2013; Lanczos, 1950) and has been widely used in shell-model calculations. Nowadays, it is implemented to take advantage of massively parallel computations. The starting point in all shell model calculations is the derivation of the effective interaction; the effective interactions derive from various many-body approaches based on a microscopic theory starting from the free nucleon-nucleon (NN) interaction or a more phenomenologically determined interaction. The sdpf-shell deals with coupling of the valence nucleons and the distribution within an extended model-space. According to this model, the 16 O is considered as an inert core. The configuration mixing nuclear shell model (Halbert et al., 1971) allows the mixing of different orbits to create the eigenstates, where the valance nucleons are distributed according to Pauli principle. Electron scattering is successful tool for studying the nuclear structure, which includes the charge, current, and magnetisation densities for many reasons. The electron is considered as a point particle, so can be accelerated easily. Its interaction with nucleus is weak, perturbation of nucleus is small and reaction mechanism is simple. But the electron-nucleus scattering has some disadvantages (Jassim and Sahib, 2017; Kassim et al., 2016) , where it needs high intensity, thick targets and large solid angles. There are radioactive effects which can be described by quantum electrodynamics (QED). The electron-scattering experiments, as well as measurements of electromagnetic transition strengths, indicate that the ground state and low-lying excited states of 19 F are an excellent example of a light, odd-A, strongly deformed nuclear system. According to Born approximation, the interaction of the electron with the nuclear charge distribution is considered as an exchange of a virtual photon with zero angular momentum along the direction of the momentum transfer q for longitudinal scattering, the interaction of the electron with the nuclear current distribution is considered as an exchange of virtual photon with angular momentum ±1 along q for the transverse scattering (Uberall, 2012) . Some theoretical results of electron scattering form factors in psd, sdpf or psd shells for some light nuclei were studied by Jassim et al. (Jassim and Abdul-Nabi, 2016; Jassim and Abdul-Nabe, 2017; Jassim, 2011; Jassim et al., 2014; Khalid, 2012; Jassim and Faris, 2017) . 25, 26 Mg, 27 
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The aim of the present work is to study the electron scattering form factors of the 19 F nucleus and energy levels of 25, 26 Mg and
27
Al nuclei with extended model space (sdpf) by employed sdpfnow effective interaction. The effect of the core polarisation (CP) is studied with effective charges and Tassie model (TM). These calculations are compared with the available experimental data.
Theory
For the nuclear shell model, the starting point is to construct the full Schrödinger equation for a particle in a central-potential
The shell-model Hamiltonian of an A-particle system can be written in terms two-particle interactions W and average potential U as
Therefore, the energy can be written as:
where core E is the binding energy of the core nucleus, 1 E and 2 E are defined as the single-particle energies of orbitals outside the core, and
 is the residual interaction, J (T) are the total angular momentum (isospin). It is important to note that the energy given by eq. (4) is for pure configurations only, the mixed eigen states are given by linear combinations of the unperturbed wave functions (Heyde, 2004) .
where JT  is the single-particle wave functions and g is the number of configurations that mix and the label p = 1,2,..., g . The coefficients kp a fulfil the condition. The electron scattering form factor
with the corrections, in terms of angular momentum J and momentum transfer J , and include isospin, can be written as: (Donnelly and Sick, 1984) 
where η indicate the longitudinal coulomb (C), transverse electric (E), and transverse respectively. ˆJ T f T i  is the nuclear many-body matrix elements. In the present work, the shape of the TM is employed for core polarisation. The longitudinal form factors for this model are (Tassie, 1956) 
where N is proportionality constant and   is the ground state two-body charge density distribution, and j is the spherical Bessel function.
Calculations and discussion
In this work, we calculated the electron scattering form factors for the 19 F nucleus, as well as the energy levels of the 25, 26 Mg and 27 Al nuclei. The sdpf-extended model space with configuration (1d 5/2 2s 1/2 1d 3/2 1f 7/2 2p 3/2 1f 5/2 2p 1/2 ) has been adopted in order to distribute the valence particles outside an inert core Large-scale shell model calculations of the 25, 26 Mg, 27 Al and 19 F nucleus 85 Figure 1 presents the comparison between our theoretical calculations with the experimental data for the energy levels of 27 Al using the sdpfnow effective interaction (Basunia, 2011 F nucleus. The experimental data (Brown et al., 1985) in this case is multi-point, but overall, the results of the model space (HO), TM and SK calculations give a reasonable agreement with the experimental data. Figure 5 shows the transverse M3 form factor for this state. All calculations give a poor agreement with the experimental data (Brown et al., 1985) in terms of overall shape, but we can say, the two theoretical peaks agree with the experimental data reasonably. Experimental values (Brown et al., 1985) are indicated by the filled circles (Brown et al., 1985) are indicated by the filled circles
Large-scale shell model calculations of the 25, 26 Mg,
27
Al and 19 F nucleus 87 Figure 6 shows the longitudinal C4 ( 1 9 / 2  1/2) inelastic electron scattering form factor in 19 F nucleus. Only Tassie calculations give a good agreement with the experimental data (Brown et al., 1985) . The transverse M5 form factor for this transition is shown in Figure 7 . All theoretical calculations are less than the experimental data (Brown et al., 1985) . The calculations of model space (HO) give a very good agreement with the experimental data if we adjust g-factor to be 6.58, -2.82 for proton and neutron, respectively. As can be seen in C4 ( states, experimental and theoretical form factors consist of one peak. In the latter case, the calculations of HO potential give a good agreement with the experimental data (Brown et al., 1985) as shown in Figure 8 . The calculated form factor with Skx potential gives a reasonable agreement with the experimental data. Figure 9 shows the transverse M6 ( 1 11 / 2  1/2) inelastic electron scattering form factor. The experimental data (Brown et al., 1985) is multi-points, all calculations give a good agreement with some of these points. Experimental values (Brown et al., 1985) are indicated by the filled circles The comparison of calculated form factors for the M2 ( 1 3 / 2  1/2) with the experimental data (Brown et al., 1985) is shown in Figure 10 . The calculated form factor gives a reasonable agreement with the experimental data (Brown et al., 1985) compared with the theoretical result in Brown et al. (1985) . The present study demonstrated that the best potential that might be used to describe electron scattering form factors is Harmonic Oscillator, which agrees with the result in Jassim and Sahib (2017) . Experimental values (Brown et al., 1985) (Brown et al., 1985) are indicated by the filled circles (Brown et al., 1985) are indicated by the filled circles (Brown et al., 1985) are indicated by the filled circles
Conclusions
The complete sdpf-shell model space wave functions using the sdpfnow effective interaction allows describing all the states of 19 F considered in this study with constant and low effective charge (0.35). The use of effective charges improved the result for the longitudinal form factors. The calculations of the model space (with effective charge) and Tassie model with HO potential give a very good agreement with the experimental data for the nuclear form factors where Tassie calculations are better. The agreement between our theoretical calculations for the energy levels of 25, 26 Mg and 27 Al using large-scale sdpf model space with the experimental data is good for most states in this study.
